Background. Periodic limb movements in sleep (PLMS) are an increasingly pervasive disturbance for aging adults. The aims of this experiment were: (a) to describe the index of periodic limb movements in sleep (myoclonus index [MI] in elderly subjects with complaints of poor sleep or depression (N = 22; 68 ± 5.5 SD years); and (b) to correlate MI with sleep history, depression scores, and objective and subjective indices of sleep.
P ERIODIC limb movements during sleep (PLMS or
nocturnal myoclonus) become increasingly prevalent as people age. Some estimates suggest that PLMS occur in 30-45% of adults aged 60 years and older (1, 2) and in 5-6% of all adults (3, 4) .
The pathological significance of PLMS is unclear. In both elderly and younger subjects, similar prevalence rates of PLMS have been found among randomly selected individuals, normal sleepers, and individuals who complain of insomnia (1) (2) (3) (4) . PLMS have been associated with complaints and objective markers of sleep disturbance in some studies but not in others (1, (5) (6) (7) (8) (9) . Further, challenging the clinical significance of PLMS was a cluster analysis indicating that good sleepers had more leg movements during sleep than insomniacs (10) , as well as unpublished data from our laboratory suggesting an inverse association between PLMS and mortality.
Given the considerable night-to-night variability of PLMS and of total sleep time (11, 12) , the comorbidities of PLMS might be most evident in within-subject correlations across multiple nights. Mosko and colleagues (12) examined PLMS and sleep on three consecutive nights in 46 elderly subjects (mean age 68.7 ± 6.7 years) recruited without reference to sleep-wake complaints. They found significant inverse within-subject correlations between myoclonus index (MI) and stages 3 and 4 sleep, but no significant correlations between MI and any other sleep variables, including total sleep time (TST), rapid eye movement (REM), sleep latency, wakefulness after sleep onset, and sleep efficiency. Subjectively reported sleep was not described.
A greater night-to-night association between PLMS and disturbed sleep might be expected among individuals with insomnia. The aims of this study were (a) to describe the frequency of PLMS in a group of elderly subjects with complaints of insomnia and/or depression, and (b) to correlate PLMS with sleep history and with subjective and objective indices of sleep across multiple nights. Higher correlations of between-subjects measures might be anticipated with multiple assessment nights. PLMS were measured with a new strain gauge technique (EPM). The EPM detects approximately 30-40% more leg movements per night than traditional tibialis EMG recording (13); however, Pearson correlations between EPM and EMG of .80-.95 have been reported (14) . Video analysis of leg movements has suggested that the strain gauge technique might be a more valid technique than EMG for recording movements from a wide range of muscles (14) ; therefore, it might prove more closely associated with disrupted sleep.
METHODS
Subjects were independently living volunteers, ages 60-79, recruited by word-of-mouth and advertising. Volunteers complained of disturbed sleep or low mood that were of sufficient severity to warrant treatment. The desire for help with their disturbance was the main motivation for most volunteers to undergo our demanding protocol. Subjects were initially screened on the telephone for numerous crite-
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ria including: (a) absence of obvious symptoms of sleep apnea, (b) little or no usage of nonsteroidal anti-inflammatories, melatonin, beta-blockers, or antidepressants; and (c) absence of acute health problems. Our initial sleep history was collected 2-3 weeks before laboratory recording, including the questions shown in Table 1 . On two days during laboratory recording, subjects completed the Center for Epidemiologic Studies depression scale (CES-D; [15] ). The subjects were recorded from November 1994 to December 1995. The study was approved by the Human Subjects Institutional Review Board at the University of California, San Diego, and each volunteer signed informed consent to participate.
Procedures
Subjects remained in the laboratory for five nights and four days. During the day, subjects collected urine samples, completed daily sleep and mood ratings, and completed the CES-D on 2 days. They were randomly assigned to various lighting regimens as part of a larger study examining the influence of bright light on sleep, circadian rhythms, and mood. Each night, subjects slept in very dark (< 1 lux), quiet rooms maintained at approximately 22° C. Sleep was assessed with a Sensormedics (Somnostar, Yorba Linda, CA) sleep system using standard polysomnographic procedures (16) . Leg movements were assessed with EPM strain gauge straps around both ankles. Respiratory events were assessed with chest and abdominal strain gauge sensors, a nasal airflow sensor, and a finger pulse oximeter. Sleep periods were fixed at 8 hr, timed according to each subject's normal sleep schedule established with home diary and home actigraph recording. Leg movement calibration signals were obtained 10 min before bedtime by requesting the subjects to dorsiflex each foot five times. Each morning, subjects completed a sleep diary that included their estimates of total sleep time, wakefulness after sleep onset (WASO) in minutes, and insomnia rated on a 100 mm visual analogue scale. Throughout each laboratory day, subjects engaged in sedentary leisure activities. Light physical activity was also permitted (i.e., walking, cycling on an ergometer, calisthenics). Napping was discouraged, but not completely prevented. All activities were monitored by 24-hr video recording. Subjects were permitted one cup of caffeinated coffee within 2 hr after arising.
Sleep stages and respiratory events were scored according to standard criteria (17, 18) . Arousals and leg movements were scored according to recent American Sleep Disorders Association criteria (19, 20) . Leg movements were defined as a movement with duration of 0.5-5 seconds and amplitude > 25% of that recorded during presleep movement calibration in either ankle; PLMS sequences were defined as four or more leg movements separated by at least 5 and not more than 90 seconds (20) .
Data Analysis
Because of various technical problems, five nights of recording were not scorable for all subjects. Subjects v/ho had at least three nights of technically adequate EPM recording from both legs were included in this analysis. A total of 89 recordings of leg jerks and polysomnography (PSG) were analyzed. Because of variations in total sleep time, the myoclonus index (MI), which denotes the number of periodic leg movement events per hour of recorded sleep, was used to quantify PLMS.
Between-subjects Kendall's tau correlations described relations between mean MI and sleep history questions, means for objective sleep variables (sleep latency, total sleep time, number of arousals, sleep efficiency, WASO, and percentages of stages 1, 2, slow-wave sleep, and REM sleep), depression (mean of two CES-Ds), and subjective ratings of WASO, TST, and insomnia. Within-subject associations between night-to-night variabilities of MI, objective and subjective sleep variables were examined with repeated measures ANCOVA (SPSS-PC), entering MI as a covariale.
A question of interest is the number of nights that should be averaged to obtain reliable estimates for MI for each subject. This was determined by obtaining the interrater reliability statistic. For a single night, this is the intraclass correlation coefficient r. The reliability for the mean of N nights, r{N), may be obtained from the Spearman-Brown prophesy formula: r(A0 = RN/(1 + (N-l)r). Note that this value must be non-negative and approaches 1 as the number of nights averaged (AO increases. This statistic was calculated with the data from the nine subjects for whom five nights of data were available.
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awakenings and excessive wakefulness after sleep onset. The sleep EEG results are displayed in Table 2 . The mean subjectively reported sleep characteristics are displayed in Table 3 . Mean CES-D averaged over the two laboratory measurements was 10.3 (± 6.4 SD).
The mean MI was 34.5 (± 31.6 SD) events per hour of sleep. The median MI was 26.1. Eighty-six percent of the subjects had MI > 5, and 77% had MI > 10. Mean (± SD) sleep onset latency, total sleep time, and wakefulness after sleep onset were 11.2 min (± 6.1), 369 min (± 57), and 89 min (± 29), respectively. Median apnea-hypopnea index was 2.56 (95% CI = 1.79-9.08). MI was so skewed that logtransformation (logio[MI+l]) was used for statistical analyses. Logio [MI+l] was variable and only moderately reliable from night-to-night. Reliabilities for means for 1-5 nights of data were 0.53, 0.69, 0.77, 0.82, and 0.85, respectively. Table 1 were obtained from 17 subjects. Mean logio [MI+l] was not significantly associated with reported history of insomnia, sleep satisfaction, the perception that sleep was (Table 4) . Likewise, no significant associations were found of mean logio [MI+l] with subjective insomnia, subjective sleep time, or depression reported during the recordings. Too few subjects had > 5% slow wave sleep (SWS) for the correlation between mean logio[MI+l] and SWS to be discerning. Within subjects, no significant associations were found between night-to-night variability in logio [MI+l] and night-to-night variability in objective or subjective sleep measures.
Sleep history.-The sleep history interview questions in
There was no association between light treatment and logio [MI+l] . Fourteen subjects consumed no caffeine during the day, one consumed -50 mg»day~' of caffeine (1/2 cup of coffee), four consumed 100, one consumed 150, one consumed 175, and one consumed 200 mg # day~'. There was no association between mean caffeine use and logio [MI+l] . Six of the subjects napped during the study with mean total napping durations of 1.3, 3.8, 8.3, 12.3, 12. 3, and 44.5 min'day" 1 . There was no association between napping and DISCUSSION We found remarkably high PLMS indices in most of this sample of elderly insomniacs. The mean and median measures for MI were higher than most other reports in the literature, including descriptions of elderly insomniacs (2) . Nevertheless, our myoclonus indices were comparable to those recently reported by Mendelson (8) . The high levels of PLMS observed here may be related to three factors. First, video analysis has indicated that the strain gauge system (EPM) can detect a larger range of muscle movement than surface tibialis EMG recording (14) . Whether movement of other leg muscles is as associated with disrupted sleep as that of the anterior tibialis muscles is unknown. Second, the newer amplitude criterion for scoring leg movements (20) is 25% of the calibrated amplitude, whereas the older criteria used in some previous reports required a 50% amplitude (21) . Third, although there are conflicting data regarding whether either depressives or insomniacs show a higher prevalence of PLMS than noncomplaining subjects, our screening may have resulted in a study population with more PLMS than the overall population of comparable age. Despite the high PLMS indices of this sample, PLMS were not significantly related to insomnia complaints (either at initial history or in morning-after visual analog scales), to subjective or objective total sleep time, to WASO, or to complaints of daytime sleepiness. The low internight reliability of PLMS indicates that averaging over at least four nights may be required to obtain good reliability for these PLMS data.
The causes of PLMS are poorly understood. Hypotheses advanced to explain PLMS have included inadequate dopamine stores or neurotransmission (22) , spinal stenosis (23) , and circulatory insufficiency (24) . The high internight M394 YOUNGSTEDTETAL.
variability of PLMS observed here is consistent with previous reports in elderly samples (12, 25) . Moreover, the high variability during five consecutive nights in a fairly homogeneous laboratory schedule suggests that such variability cannot be attributed to differences in ambient temperature or to simple behavioral factors, for example, levels of daytime exercise.
The general lack of between-subjects correlations between PLMS and subjective sleep complaints is consistent with a report by Dickel and Mosko (6) , who failed to find differences in subjective sleep complaints among individuals with MI of < 5 and > 5, 10, and 15. Our data did not replicate the findings of Ancoli-Israel et al. (1) in a much larger sample that PLMS was significantly associated with general dissatisfaction with sleep and with reported kicking at night, but those correlations were quite low. Consistent with that report, we found no association between PLMS and any history of daytime sleepiness. Some previous clinical reports of associations of PLMS with various conditions may have lacked appropriate controls measured with identical scoring methods. Another problem is the impressive night-to-night variability in PLMS measures, which accounts for much apparent between-subjects variance in studies (or clinical evaluations) that record only one to two nights.
It is not likely that these results were influenced by the different experimental lighting regimens. There were no differences among the different regimens on any of the objective or subjective sleep measures.
In summary, these results extend previous reports that PLMS are remarkably pervasive in elderly volunteers. Quantification of PLMS depends on recording and scoring methods as well as on subject selection, so comparisons between studies are difficult. Nevertheless, even with up to five nights of recording, permitting within-subject comparisons and more reliable between-subjects analyses, no robust relationship between PLMS indices and sleep disturbances could be demonstrated. We did not find that PLMS explained a significant portion of the disturbance even among quite symptomatic volunteers with extraordinary numbers of PLMS. These results support other reports questioning whether there is a distinct PLMS syndrome.
